Abstract. Sex determination of livestock is performed to achieve the objectives of livestock breeding programmes. Techniques for sex determination have evolved from karyotyping to detecting Yspecific antigens and recently to the polymerase chain reaction (PCR), which appears to be the most sensitive, accurate, rapid and reliable method to date. In this study, a PCR-based sex determination method for potential application in goat breeding programmes was developed. Primers were designed to amplify a portion of the X amelogenin gene (Aml-X) on the X chromosome to give a 300 bp product and Sry gene on the Y chromosome to give a 116 bp product. PCR optimization was performed using DNA template extracted from a whole blood sample of Jermasia goats (German Fawn × Katjang) of both sexes. It was possible to identify the sex chromosomes by amplifying both male-and female-specific genes simultaneously in a duplex reaction with males yielding two bands and females yielding one band. The Aml-X primer set, which served as an internal control primer, did not interfere with amplification of the Y-specific sequence even when a low amount of DNA (1 ng) was used. The duplex reaction subjected to a blind test showed 100% (14/14) concordance, proving its accuracy and reliability. The primer sets used were found to be highly specific and were suitable for gender selection of goats.
ex determination of livestock is performed to achieve the objectives of livestock breeding programmes. In the livestock industry, it is desirable to control the sex ratio of animals. For example, modern dairy production benefits from the birth of female offspring. For meat production systems, however, male offspring are generally advantageous because male animals tend to grow faster and have better feed efficiencies [1] .
Several approaches have been established for genetic sex typing, such as karyotyping [11] [12] [13] , H-Y antigen detection [17] , X-linked enzymatic determination [14, 15] and the polymerase chain reaction (PCR) [2] [3] [4] [5] [6] [7] [8] [9] . Among these procedures, the PCR approach is generally favoured, as it appears to offer the most sensitive, accurate, rapid and reliable technique [2] [3] [4] [5] [6] [7] . In addition, due to its simplicity and cost-effectiveness, PCR-based embryo sexing is becoming increasingly prevalent compared to other methods [10] for commercial purposes [7] [8] [9] . For example, karyotyping is successful for only about half of bovine embryos collected 7 days after estrus despite using up to half the number of each embryo sample [11] [12] [13] . On the other hand, the X-linked enzymatic determination of glucose-6-phosphate dehydrogenase (G6PD) [14] , or hypoxanthine phosphoribosyl transferase (HPRT) [15] , requires embryos to be sexed before they undergo X chromosome inactivation, thus limiting this approach to cleavage and morula stage embryos [16] . For the H-Y antigen detection approach [17] , despite a reported accuracy of over 80% in sex determination assays of various species, the method has not been proven to be reproducible [18] .
To date, PCR-based embryo sexing had been established for bovine [2, 3, [5] [6] [7] [8] [9] and murine [19] [20] [21] [22] embryos. In the present study, an efficient and reliable PCR-based method for sexing goats (Capra hircus) was described. This paper represents a pilot study in which genomic DNA extracted from blood was utilized (instead of embryos) because design a n d o p t i m i z a ti o n o f v a r i o u s l a b o r a t o r y experimental conditions were required before applying to embryo sexing proper. Targeted sex chromosome-specific genes for amplification included the Sry gene located on the long arm of the goat Y chromosome and the X amelogenin gene (Aml-X) on the X chromosome. In the present study, the possibility of simultaneous amplification of sequences corresponding to both X and Y chromosomes in a duplex reaction to establish a reliable, reproducible and efficient PCR-based caprine sexing system was tested.
Materials and Methods

Blood samples and DNA extraction
Blood samples were obtained from 14 male and female Jermasia goats (German Fawn × Katjang) and collected in EDTA Vacutainer ® tubes (Becton Dickinson, Plymouth, UK). Genomic DNA was extracted using the salting-out method. In this method, the whole blood sample was mixed with 1X lysis buffer (0.32 M sucrose, 5 mM MgCl2.6H2O, 1% Triton X-100 and 12 mM Tris-Cl, pH 7.5) to a total volume of 50 ml, mixed gently by inversion (1 min) and centrifuged (3500 rpm, 10 min, 10 C). The supernatant was discarded, the pellet resuspended in 20 m l 1X lys is buffer a nd centrifuged as previously described. The supernatant was thoroughly discarded without disturbing the pellet. The pellet was then resuspended in 540 µl of solution containing 1X Proteinase K buffer (75 mM NaCl, 24 mM EDTA), 0.0015% SDS (Amresco, Solon, OH, USA) and 0.74 mg/ml Proteinase K (Promega, Madison, WI, USA). The mixture was incubated overnight at 37 C with gentle agitation.
After i nc ub ati on, 200 µ l o f 6M N aC l (AP S Chemicals, Seven Hills, NSW, Australia) was added and vortexed vigorously. Then, two times vo l um e o f Phe no l-C hl o ro fo r m K it (Pi erc e, Rockford, IL, USA) was added and the mixture was s h a k e n v i g o r o u s l y u n t i l m i l k y .
A f t e r ce nt r ifug at io n , t h e t o p a que o us lay er w a s transferred into a clean tube containing 900 µl absolute ethanol (Sigma, St. Louis, MO, USA). The precipitated DNA was pelleted down and the supernatant discarded. The DNA pellet was washed gently with 70% ethanol, and the DNA pellet was air-dried. The DNA was then dissolved in 100 µl of TE buffer (10 mM Tris-Cl, 1 mM EDTA) containing 0.2 mg/ml RNase A (Amresco, Solon, OH, USA). The DNA concentration and its relative purity were determined spectrophotometrically. Concentration of each DNA solution was adjusted to 0.1, 0.2, 1, 2, 10, 20, 50 and 100 ng/µl for PCR purposes.
Primer design
Primers were designed using the PRIMER V e r s i on 0 . Amplification was performed on a PTC-200 DNA Engine T M thermal c ycler (MJ R es earch Inc., Watertown, MA, USA) using 0.2-ml reaction tubes. T h e P C R p r o g r a m m e c o n s i s t e d o f 5 m i n denaturation at 94 C, followed by 34 cycles of denaturation (94 C, 45 sec), annealing (58 C, 45 sec) and primer extension (72 C, 60 sec). The final cycle was followed by extension at 72 C for 7 min and indefinite hold time at 25 C. The PCR products were electrophoresed in 2% agarose gel stained with ethidium bromide (0.5 µg/ml). The products w e r e v i e w e d u s i n g U V i l l u m i n a t i o n a n d documented.
Results
The duplex PCR amplification using the Sry and Aml-X primer sets with 100 ng genomic DNA per reaction yielded the expected 116 bp and 300 bp products (Fig. 1) . Males are expected to show two bands (116 bp and 300 bp) whereas females, one band only (300 bp). No non-specific amplification was observed.
A s f o r d u p l e x P C R i n d e c r e a s i n g D N A concentrations, both sexes yielded the expected result in concentrations down to 1 ng genomic DNA per reaction. However, no bands were observed at DNA concentrations under 0.2 ng per reaction (Figs. 2A, B) .
The result of the blind test for confirming the accuracy of the duplex PCR is presented in Table 1 . All sex determinations by the duplex PCR were in agreement with the actual sexes of the goats from which blood samples were obtained. This result indicates that the duplex PCR-based sexing method is 100% (14/14) reproducible and reliable. 
Discussion
I n t h i s p a p er , w e d es c r i be a n a c c u r at e, reproducible and reliable protocol for PCR-based caprine sexing based on detection of the presence of target sequences, i.e., Aml-X and Sry. Although amplification of only the Y-specific target sequence (Sry, in this case) was sufficient to determine the gender as has been done successfully in bovine embryo sexing studies [3, 7, [23] [24] [25] , the X-specific target sequence (Aml-X) was included for a twofold purpose. Firstly, it served as an internal control in the discrimination of male and female with higher accuracy. This is especially important for the future application of the protocol to caprine embryo sexing. Secondly, it served as a PCR positive control ensuring that the absence of a Yspecific product was not due to PCR failure, which could generate a false negative result.
Although there were no X-and Y-specific products observed at DNA concentrations 0.2 and 0.1 ng/µl, it may be possible to obtain the expected products by increasing the number of cycles to 50 as has been done successfully in the sexing of bovine embryos [3, 7] . The Aml-X internal control primer also did not interfere with amplification of the Y-specific target sequence, even when a low amount of DNA template (1 ng) was used. This was especially significant since Bredbacka et al. [3] had reported that in their study, all autosomal oligonucleotides tested seemed to interfere with amplification of the Y-chromosome repetitive sequence BRY.1, especially when a low amount of DNA template was used.
The duplex reaction was also subjected to a range of annealing temperatures (48 C to 58 C) and the reaction was found to work well at 56.5 C to 58.0 C. However, in a separate trial, the duplex reaction was subjected to an annealing temperature of 60 C in three different thermal cyclers: PTC-200 DNA Engine TM (MJ Research Inc., Watertown, MA, USA), GeneAmp ® PCR System 9700 (PE Applied Biosystems, Foster City, CA, USA) and GeneAmp ® PCR System 9600 (Perkin-Elmer, Norwalk, CT, USA). It was noticed that amplification was efficient only in the GeneAmp ® PCR System 9700 and GeneAmp ® PCR System 9600. This difference in performance could be due to differences in thermal cycling mechanisms between different makes and models, and calibration status [26, 27] . Further duplex reaction tests were then conducted o n t h e G ene Am p ® PC R Sy st em 9600 us in g annealing temperatures slightly lower than 60 C. It was again observed that 56 C and 58 C annealing temperatures produced desirable results without any compromise on the quality of the PCR product bands.
In c onclusion, the pr es ented PCR duplex protocol is reliable, accurate, reproducible and efficient for caprine sexing. Work is currently underway to refine this protocol for sexing of caprine embryos and sperm. Sexing by duplex PCR
